Summary. Four-day-old mouse embryos were transferred to the uterine lumen of virgin cyclic and ovariectomized mice; the eggs 'implanted' and developed only in mice whose endometrium was previously traumatized with a glass scraper. The histology of the mechanically induced implantation sites is described and similarities to normal implantation sites are discussed.
INTRODUCTION
Experimental separation of maternal and embryonic elements provides a valuable means for studying the embryo-endometrial relationship during implantation and placentation.
Transplantation of the egg to extra-uterine sites such as the anterior chamber of the eye (Fawcett, Wislocki & Waldo, 1947 ; Runner, 1947) , kidney (Fawcett, 1950) , spleen (Kirby, 1963b) and testis (Kirby, 1963a) demonstrates that the egg is capable of 'implantation' and limited development in a variety of nonendometrial tissues, apparently regardless of the hormonal environment.
The comparative ease of egg implantation in the extra-uterine sites contrasts with implantation in the uterus which occurs only during an endocrinologically controlled receptive period (Doyle, Gates & Noyes, 1963; Psychoyos, 1966) . However, several investigators have observed implantation of tumours in cyclic mice (Hall, 1940; Stein-Werblowsky, 1962) . Hall (1940) thought that sarcoma implantation in the cyclic uterus occurred at sites where the trocar used for transfer had damaged the uterine lining.
The following experiment was designed to determine if eggs would implant on the damaged endometrial lining of the non-progestational mouse uterus and, if so, to study the process of implantation, the development of the conceptus, and the effect of the developing conceptus on the uterus in this abnormal conceptus-endometrium relationship.
METHOD
The experiments were performed on young, sexually mature, virgin C3H and randomly bred mice from a hybrid colony.
Unimplanted eggs were obtained from the uterus of donor mice at about midnight 4 days after mating, at which time the mouse egg loses the zona pellucida (Wilson, 1963) . The eggs were kept in Pannett-Compton saline solution at room temperature until transfer to the uterine lumen of recipient mice, which took place within 1 hr.
Haemangio-endotheliomata were taken from 129/J mice and placed in Pannett-Compton saline. The tumours were cut into 1-mm pieces and trans¬ ferred to the traumatized left uterine horn of each of eight ovariectomized mice.
Bilateral ovariectomy was performed on the recipient mice by excising the ovarian fat pad. Vaginal smears of all cyclic recipient mice were taken before the transfer operation.
The recipient mouse was anaesthetized with an intraperitoneal injection of Avertin (Winthrop), and the left uterine horn exposed through a dorsolateral incision. A small tear was made in the uterus near the utero-tubal junction and a scraper, fashioned from a glass pipette (PI. 1, Fig. 1 Kirby (1963b) . The tip of the micropipette used in the transfer of the eggs was flame polished to reduce the chance of its insertion into the endometrium. All instruments were sterilized before the operation. Autopsy was performed between half a day and 25 days after transfer. The uterus and ovaries were fixed in Bouin's solution, embedded, serially sectioned at 8 µ and stained with Haematal 8 and Biebrich scarlet.
RESULTS

Endometrial damage
Examination of the cyclic uterus 12 to 14 hr after traumatization revealed that the endometrium was damaged in focal areas, most of which were in the ovarian end of the left uterine horn. Although the epithelium covered most of the endometrium, it was very attenuated in many areas, especially where the endometrium was very oedematous. There was usually oedema, and leucocytic infiltration occurred in the endometrium underlying broken epithelium. In some areas, the myometrium was degenerative and oedematous.
In the ovariectomized mice, much more of the epithelium was absent or degenerative and there was a great deal of exúdate oozing into the uterine lumen from the oedematous endometrium.
Implantation
The process of implantation, narrowly construed, involves the attachment of the egg to, and the subsequent removal of, the uterine epithelium. Here, implantation differs from the normal process mainly with respect to the exclusion of the removal of the epithelium owing to its prior mechanical removal. Table 1 summarizes the incidence of implantation of eggs in damaged and intact uteri in cyclic mice at autopsy less than 1 day after transfer.
The orientation of all seven implanting eggs in Table 1 , Group 1, was with Fig. 2 ). Implantation occurred on the mesometrial, lateral and antimesometrial sides of the uterus.
The morphology of the uterine wall at nineteen implantation sites was studied in thirty-three mice less than 3 days after the transfer of eggs. In seventeen of the nineteen sites, the epithelium was broken or degenerative and the underlying stroma oedematous. In the remaining two implantation sites, the epithelium was intact and no oedema was evident in the underlying stroma. Development Table 2 summarizes the effect of trauma on the incidence of development of eggs transferred to the uterine lumen of cyclic and ovariectomized mice.
The first gross indication of a developing conceptus was the appearance, about 3 days after transfer, of a haemorrhagic mass in the uterus which increased in size for the next 4 to 9 days and distended the uterus, in several cases to over 5 mm in diameter. The veins draining the mass were markedly dilated.
Embryonic development proceeded to a stage equivalent to a 5-to 6-day-old embryo of normal pregnancy (Snell, 1956) in seven cases (PI. 1, Fig. 3 ). In only two cases did the embryo develop past a stage equivalent to a 5-to 6-day embryo of normal pregnancy. These embryos were equivalent to 8-to 9-day stages (PI. 1, Fig. 4) . Trophoblast continued to proliferate from the ectoplacental cone after the death of the embryo. (Smithburg & Runner, 1960) .
Endometrial trauma resulted in changes which are in some respects similar to, but more drastic than, the endocrinologically induced endometrial changes which are associated with receptivity to implantation during normal pregnancy in the mouse. In normal pregnancy, the endometrium in the mouse and in many other species becomes hyperaemic and oedematous at the receptive site (Mossman, 1937) . The epithelium of deciduomata induced by oil injections in mice degenerates in the absence of the egg at the base of the implantation crypt at the same time as epithelial erosion occurs in normal pregnancy (Finn & Hinchliffe, 1965 Study of the requirements of deciduoma formation in the rat indicates that the uterus must be primed by progesterone before decidualization will occur in response to trauma (Psychoyos, 1966) . Since, in the mouse, the endometrium is primed for decidualization by progesterone produced by the ovaries, it was interesting to find patches of decidual tissue near the trophoblast reticulum 7 to 12 days after transferring eggs to the uterus of ovariectomized mice. In view of the evidence suggesting that mouse and rat trophoblast giant cells produce progesterone, it is very possible that the endometrium in the ovariectomized mice was primed by progesterone produced by trophoblast giant cells (Deane, Rubin, Driks, Lobel & Leipsner, 1962) .
As the endometrium of ovariectomized mice did not decidualize near haemorrhagic haemangio-endotheliomata, it seems unlikely that the deci¬ dualization near trophoblast is the result of a non-specific effect of a foreign tissue growing in the endometrium, or increased endometrial localization of pro¬ gesterone produced by the adrenals.
